Variation and diversity of soil microfungal community structure in general and sugar fungi in particular were studied in coastal sand dunes of Odisha, using standard procedures. Although the two sites were located on the same soil, the effects of plantation were reflected by changes on the physico-chemical properties of soils. Of the fungi isolated from these soils Aspergillus, Penicillium and Trichoderma were found dominant in all the soil profile. The greatest dissimilarity was found between the species of Mucorales (sugar fungi) particularly Absidia, Mucor and Rhizopus in two layers of both the soils. However, Rhizopusconhii and Thamilidium species preferred the barren sand dune. Diversity index analysis indicated that the sugar fungi were changing from soil with Anacardium plantation to that of virgin sand dunes. It can be concluded that the plantation significantly influences the growth and diversity soil fungi. Appropriate measure is warranted for the protection of the existing forest cover and natural biodiversity of the sand dunes through proper management strategies. Thus, we recommend afforestation of Anacardiumoccidentale in virgin sand dunes as a multipurpose tree which will have favourable environmental effects and will be beneficial in providing some economic value to villagers.
Introduction
In many ecosystems i.e. pastures, crop fields, forest soils, mangrove swamps and sand dunes, the fungi contribute a large percentage of soil floral component. Being one of the major groups of soil microbes, it exists with great morphological diversity; as actively growing hyphae, resting mycelium, dead mycelium, dominant spores and sclerotia. It is generally believed that organic debris produced by plants/animals undergo decomposition; a natural biological process for nutrient cycling; which in turn is one of the major ecological services for sustenance of vegetation. The decomposer community responsible for transformation and decomposition of organic matter in terrestrial habitats is composed of an ample array of microorganisms; mostly fungi and bacteria is critical as it changes and releases several nutrients performing an important function inimproving the soil structure and fertility (Zak et al., 1990; Feller and Beare, 1997; Parotta, 1999; Sall et al., 2003) .
The different edaphic factors along with cover vegetation, environmental conditions and microbial composition interact in very specific manner maintaining equilibrium and influence soil mycoflora to an appreciable degree. Therefore, soil fungal diversity is fundamental for sustaining environmental management and for evaluating soil quality (Anderson, 2003; Schloter et al., 2003; Li et al., 2005) .The extent of decomposition depends upon the competency, count and composition of decomposing organisms and the higher plant/s with which the later coexist. Macfadyen (1963) documented that around 56% of the ecosystems gross productivity is metabolized by soil microflora and fauna. Terrsova (1988) mentioned thatthe microorganisms particularly fungi and bacteria are responsible for 80-90% of the energy released in the process. Dick (1976) postulated that there is a close association between availability and fungal propagule production, and suggested that a continuous supply of substrates and spores will mean that there will be a significant conversion of energy resources by fungal activity. Recent studies of Chapin et al. (2002) , Osono and Takeda (2002) and Panda (2010a) concluded that fungi are the main ecosystem engineers of terrestrial habitat. In a particular soil, the quality and quantity of these microbes is influenced by the existing environment and tree plantation (Behera et al., 1991; Mohanty and Panda 1994; Panda 2010a) .A decrease in vegetation cover and the subsequent changes in microclimate have adverse impact on survival and reproduction of soil fungi (Panda et al., 2008; Panda 2010a) . At the same moment no single component may be spotted out as major microbial determinant. Moreover, many anthropogenic activities, such as habitat destruction, urban development, industrialization, agriculture, pollution, and the use of pesticides can potentially affect soil fungal diversity (Tsui et al., 1998; Zhang et al., 2004) . Mucorales (sugar fungi) are often the primary colonizers in a forest floor in tropical regions. They utilize the simplest carbohydrates and consequently play an imperative role in initiation of cellulose decomposition in a soil ecosystem (Mohanty and Panda, 1998; Panda, 2010b) . Considerable works in India have been reported on fungi of forest soils (Behera et al., 1991; Mohanty and Panda, 1991; Mohanty and Panda, 1994a , 1994b Manoharchary et al., 2005; Manoharchary et al., 2008; Nilima et al., 2007; Mohanty and Panda, 2011) and it has been concluded that soil microfungi show ecological and geoclimatic specificity with response to environmental parameters. However, it is disappointing and also surprising that despite a long period of research, reports on coastal sand dunes are limited in comparison to forest soils. Consequently, the current study offers a unique opportunity to explore thefungal resources, pattern of distribution, interactions existing between the edaphic variables and diversity of microfungi in general and Mucorales in particular in coastal sand dunes of Odisha and the impact of tree plantation in determining their abundance and diversity.
Materials and Methods
The study sites (coastal sand dune and sand dune with Anacardiumoccidentale plantation) are located near the sea shore of Bay of Bengal of south Odisha (19º15'N and 84º50'E) at an elevation of 6-8m above mean sea level. The study sites have all the features of costal characteristics, i.e. maritime weather influence, coastal winds and cyclones. Climatically, the study area is tropical monsoonal with three seasons, rainy (June to September), winter (October to February) and summer (March to May).Atmospheric temperature varied with a minimum of 13°C in January to a maximum of 37°C in May with a mean annual precipitation of 1300 mm. Edaphically, soil texture is coarse and ranged from fine sand (0.05cm) to small pebbles (1.5cm). To minimize the effect of cyclonic sea storms, thirty -forty rows of Casuarina plantation with a width of about 15-20m were made in the entire outer belt i.e. (near the sea shore). Now a days the fuel problems in the coastal areas are met by these plantations. Extensive plantations of Anacardiumoccidentale with a breadth of 250-450m were made in the inner belt of these sterile sandy beds (adjacent to Casuarina plantation; the outer belt) for production of Cashew nuts. This economically important species were made in this region as it has the ability to grow luxuriantly in saline environment having very low organic matter content.
Natural sand dune and sand dune with Anacardium plantation were included to evaluate the facilitating effect of plantation for the colonization of microfungi. The current study was conducted selecting two sites each of about one hectare for a period of two years. Sand dune having plantationof Anacardiumoccidentale aged about 6-8 yr old without any undergrowth was selected as first site and a large area of sand dune comprising only scanty grasses located nearer to Anacardium plantation was taken as second site. Soils were sampled regularly once every month at random from surface and subsurface (15 cm depth) in sterilized test tubes and brought to the laboratory for physico-chemical and fungal analysis. The method used for isolation of fungi was that of Waksman (1927) and Warcup (1950) respectively with selective media. Soil samples were diluted serially with sterilized distilled water and one ml of 10 4 dilutions of soil was added to Petri plates containing sterilized 20 ml of potato dextrose agar medium incorporated with streptomycin (1%).The plates were rotated clockwise and anticlockwise so as to spread the inoculum uniformly and kept undisturbed in incubator at 28 ± 2 o C.After a period of 3-7 d of incubation, the plates were examined and the fungal colonies were counted. Identification of the fungi was carried out by referring the standard manuals (Barnett and Hunter, 1972; Ellis, 1971 Ellis, , 1976 Gilman, 1966; Sarabhoy, 1983) . Soil organic carbon content was determined by Walkley and Black procedure and total N by Kjeldahl method. Moisture of the soil was estimated by oven dry method and pH was measured by using a glass electrode pH meter. Soil temperature was recorded using a soil thermometer.
Data analysis
The following indices of diversity were calculated based on species level identification (Ludwig and Reynolds, 1988) 
wherePiis the proportion of the individual found in the i th species,ln denotes natural logarithm and H is the Shannon -Wiener index .
Where Pi is the proportion of the individual found in the i th species and D Simpson's index Evenness index (E) = H/lnS Where H is the Shannon -Wiener index of diversity, S total number of species and lnis the natural logarithm. Jacquard's index S ab = S AB /( S A +S B -S AB ) Where S AB is the number of species shared by two locations(A and B), S A the total number of species in location A and S B the total number of species in location B. S ab is the extent of similarity between the species in location A and B.
Richness index (Margalef, 1963 ) R =S-1/lnN Where S is the total number of species and N is the sampling number.
Results and Discussion
A perusal of figure 1 depicts that high fungal population was exhibited by the soils with plantation having low temperature, high moisture and better organic matter. In contrast soil nutrient status and fungal inhabitants were appreciably low in barren sand dunes. Although the two sites are located on the similar soils there were marked differences in soil properties and fungal number between the sites. Plantation site with better nutrient status harbored more fungi to that of sand dunes. Soil nutrient content increase under Anacardium canopy can be explained by the transformation of the abundant litter beneath these trees by the microorganisms. On the other hand lesser fungal population in sand dunes was related to adverse edaphic and environmental factors in addition to decreased nutrient resources (Panda, 2010a; Panda, 2010b; Dinakaran and Krishnayya, 2010) .
The regression analysis between fungal population and edaphic factors of various soils were depicted in figure 2, 3, 4 and 5. Considering the figures, it seems that fungal number is a function of combination of edaphic factors. The fungal growth strategy at different sites under study shows that the fungal population is conditioned by the environmental and edaphic harshness e.g. temperature, moisture availability etc. (low fungal number in barren sand dunes compared to that of plantation site). However, under favourable conditions i.e. the increased nutrient status and accessibility of suitable edaphic and environmental conditions and the moistened pieces of particulate matter facilitates the growth of microfungi in plantation site. Differences in forest communities can influence the soil microbial communities directly through variations in the type, complexity, and amount of organic matter input into the soils. This suggests that plantation can boost fungal species richness and this agrees with observations in the present study. Comparison with soil moisture and temperature at both sites indicted that the differences in fungal population dynamics is largely influenced by the vegetation cover. Many studies have demonstrated the influence of plantation, soil temperature and soil moisture in controlling the fungal population (Witcamp, 1966; Singh and Shukla, 1977; Satapathy et al., 1982; Panda, 2009; Panda et al., 2008; Panda et al., 2009) .
The positive significant relationship between number of fungi and soil moisture indicates that soil moisture content is limiting. The negative relationship between temperature and fungal numbers shows the difficult condition for microbes at our study sites. Moreover, many authors stress that during adequate soil water availability temperature plays a crucial role in the composition of microbial assemblages (Behera and Mukherji, 1985; Behara et al., 1991; Nilima et al., 2007) . Our results substantiate these findings. Manley et al. (2000) reported that woody vegetation is an important parameter influencing the availability soil nutrient content and composition of soil microbes in sand dune areas. The same holds true for the present observation as well because the fungal numbers of the study sites are strongly correlated with ecological conditions (temperature and moisture) as well as to standing undergrowth (Panda, 2010a; Mohanty and Panda, 2011) .
There was a difference in species composition in the different soil horizons. A strong dominance of Aspergillus, Penicillium and Trichoderma was recorded in all the soil profile (Table 1) and such an observation draws support from the studies of Mohanty and Panda (1994b) , Rai and Kumar (1988) and Panda et al. (2007) .It further substantiates the dominant role of plantation in fungal distribution. The increased activity of these fungal communities is attributed to their inherent ability to make use of the processed litter. The highest variability was found between the species of Mucorales particularly Absidia, Mucor and Rhizopus in two layers of both the soils (Table 1) . The genera and species of Mucorales (sugar fungi) encountered during present study are indicated Table 2 . Of these Absidiabutleri, A.spinosa, Choanephoracucurbitarum, Mucorhiemalis, R. nigricans, R. oryzae and Syncephalastrumrecemosum were found common.Rhizopusconhii and Thamilidium species was found occasionally in the barren sand but not in the plantation site. During this study it was observed that more varieties and higher population of Mucorales were recorded in site with Anacardium plantation than the site without plantation. The similarity in species composition of Mucorales was maximum in plantation soil than the barren sand dunes (Table 3 ). Shannon's diversity index is significantly more, in the same way the dominance value is low (Table 4 ). The value of diversity and dominance in soil with vegetation cover coincides with more species and maximum fungal diversity. The variation of evenness index from 0.77 to 0.9 showed that species were of fairly even distribution.
The numbers of sugar fungi (Mucorales) enumerated during the study period reflects a similar trend to that of forest and coastal ecosystems Odisha. Studies of Mohanty and Panda (1998) on forest soils of Odisha documented 14 species of Mucorales. Recently Panda (2010b) recorded eight species from a similar saline ecological condition with Casuarina plantation as in the current study. The observation of greater divergence among the species of Mucorales of the plantation soil and barren sand during the present investigation coincides with a marked change in organic matter content and other physico-chemical variables. Higher number of Mucorales is always coincident with higher percentage of organic matter. Thus, the species of Mucorales must have been distributed with reverence to plantation, nutritional status and other abiotic conditions. Table 1 . Percentage contribution and ranks of some dominant fungi isolated from samples at study site (Above 1.5%). 
Conclusion
The results of our study in coastal sand dunes of Odisha demonstrate the importance of surface vegetation and soil microorganisms in controlling the soil properties. The present investigation clearly brings out that the plantation significantly influences the growth and diversity sugar fungi to an appreciable degree. Soil as a matter of fact is a dynamic body, where pedological factors along with environmental conditions and microbial composition interact in a very specific manner maintaining equilibrium. Since soil microbial parameters are indices of biological stability, Anacardium plantations within the sand dune are the most promising resource for enhancing the biological stability. To ensure an increase in nutrient status via decomposition process our findings suggest that the existing forest cover is required to enhance the native fungal diversity. We also recommend that afforestation of Anacardium in the big patch of natural sand dunes still exist adjacent to Acacardium plantation will have favourable environmental effects and serve as an important potential source of microbial colonization and will be beneficial in providing some economic value to villagers.
